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Polymerization Initiated at the Sidewalls of Carbon Nanotubes 
Description of the invention: 

The invention is a process for growing polymer chains via anionic, cationic or radical 
polymerisation from the side walls of functional carbon nanotubes, which will facilitate 
greater dispersion in polymer matrices and greatly enhanced reinforcement ability in 
polymeric material. ' 

Aryl bromide functionalized single wall carbon nanotubes (0.015 g, 0.022 mmol Brt 

cZ nT^ T t0 A Dyk ^ C - A ' ; T0Ur ' J ' M "Solvent-Free Functionalization of 
Cwbon Nanotabes,; J. Am Chem. Soc, 2003, 125, 1156 -1157 or Bahr, J. L.; Tour, J. 

r^n 8 ^ y » ^ CtlOI S 12ed C * h ° n Nanota °es Using in Situ Generated Diazonium 
Compounds," Chem. Mater. 2001, 13, 3823-3824 or Bahr, J. L.; Yang, J.; Kosynkin D 

^1^; M - * S ™f*> R- Tour, J. M. 'TuncnonalLtio^fXbon 
Nanotubes by Electrochemical Reduction of Aryl Diazonium Salts: A Bucky Paper 

% K^;,^ m - l° C - 2001> 123 ' 6536 " 6542 ) ™ dispersed in THF (5 mL) and a 
solution of n-butylhthium (5 mL, 2.19 M in hexane) was added at 23 °C and the solution 
was allowed to stir for 10 min. The stirring was then turned off and the nanotubes were 
— I l° Ut °f solution. After settling, the excess «-butyllithium solution was 
nn ^ V6SSel Via Cannula 311(1 *■ nanotubes were washed 3 times 
2t 1Z ™ n f ,"^\™T! T ° f w - but y 1Uthium - ^ *»* was then charged 
E^/iTV *?« } &e ^ W6rc dispersed in solution ™th "IP* stirrmg. 
2?S5 ( '• w 15 "S^ WaS add6d 10 11x6 reaction vessel ^ *e mixture was stirred 

Sn2? 1T1 m re / dd ?? eth . an ° 1 (1 ° r a temunator ° f <*oice such as 

tamethylsilyl chloride The mixture was then diluted with 100 mL dichloromethane and 

w2 r l^^H ,Sh H rbrand P8 / Uer PaPCT t0 rem ° Ve lar & P^^- The ffltS 
was concentrated under reduced pressure and precipitated into methanol. The resulting 

gray powder was then collected by filtration, using Whatman 41 filter paper and dried 

under vacuum (0 1 mm) to a constant weight (typically, 0.100-1.00 g depending on the 

X^ST °I ""J? add f d) - ™ S material can *« be blended with other polymers 
orbemoldedandusedbyitselfasaspecialtymaterial. (See attached Graphic) 

The most immediate and obvious use of this invention is the improved dispersion ability 
m polymer matrices and the materials used by itself as a novel polymeric material that 
wdl offer enhanced strength and reinforcement ability when compared to its unbound 
polymer analog. Other applications involve attachment of any vinyl monomers via 

^vS C « Cah r? ° r ^ P ol ^ eri2atio * *at can be extended into the realm of 
polyolefin and elastomer reinforcement etc. 



titSl AVAILABLE COPY 



Atty. Diet No. 1 1321-P068V1 

Rice Tech ID No. 23057 Tour et al - 

No other method of polymerization initiated at the sidewalk of nanotubes has been 

shown to date. 1 



The invention is a process involving the following steps: 

1. Aryl bromide functionalized nanotubes are dispersed in a tetrahydrofuran 
solution of «-butyllithium. 

2. The nanotube material is allowed to settle and the excess n-butyl lithium solution 
is removed via canulation. 

3. The remaming nanotube material is washed with three portions of dry 
tetrahydrofuran to thoroughly remove any residual n-butyl lithium 

4. Nanotube material is dispersed in dry tetrahydrofuran 

5. After dispersion styrene monomer is added to the reaction vessel 

6. Upon completion of the polymerization the active chain ends are terminated with 
an appropnate tenninating agent. 

7. After termination the reaction mixture is diluted and filtered to remove any large 
particulate. * B 

8 Semano? te * ^ COncentrated under reduc e<» pressure and precipitated into 

9. The resultant grey powder is collected via filtration and dried under vacuum to a 
constant weight 

10. This material may then be used as is or blended with other matrices to obtain 
superior dispersion and reinforcement properties. 

1 1. One could also affect cationic or radical polymerization off the tube surface in 
this way The process is not limited to anionic polymerization since a broad 
array of functional groups could be generated from the aryl sidewalk— see the 
papers cited above. 
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One could also effect cationic or radical polymerization off the tube surface in this way 
The process is not limited to anionic polymerization since a broad array of functional 
groups could be generated from the aryl sidewall-see the papers cited above 
Monomer selection is also not limited to styrenes. Since the previously mentioned 
polj^enzanon methods are possible any monomer that can be polymerized by these 
techniques is a feasible variation. A list of example monomers, that is in no way 
comprehensive, is listed below: y 



Styrene 

Ethylene 

Propylene 

Vinyl Halides 

Isobutylene 

Acrylic Acid 

Acrylates 

Methyl Acrylates 

Vinyl Acetate 

Vinyl Pyridines 

Isoprene 

Butadiene 

Chloroprene 

Acrylonitrile 

Maleic Anhydride 



Grant or Contract Number: 

NASA-UREH R75937-416000, NASA (NASA-JSC-NCC-9-77) NSF fNS"R niv^p 
0073046), and AFOSR (F49620-OM-0364), (NSR-DMR- 
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t, 

What is claimed is: 

1. . A method comprising: 

a) providing aryl bromide functionalized carbon nanotubes; 

b) dispersing said aiyl bromide functionalized carbon nanotubes in a solvent; * 

c) adding an alkyllithium species to the solvent for initiating polymerization on the sidewalls of 
the carbon nanotubes; 

d) adding a monomer to the solvent; and 

e) adding a suitable function terminator. 

2. The method of Claim 1, wherein the solvent is tetrahydrofiiran. 

3. The method of Claim 1, wherein the alkyllithium species is n-butyllithium. 

4. The method of Claim 1, wherein the monomer is selected from the group consisting of styrene 
ethylene, propylene, vinyl halides, isobutylene, acrylic acid, acrylates, methyl acrylates, vinyl acetate 
vinyl pyridines, isoprene, butadiene, chloroprene, acrylonitrile, maleic anhydride, and combinations 
thereof. 

5. The method of Claim 1, wherein the monomer is styrene, 

6. The method of Claim 1, wherein the function terminator is selected from the group consisting of 
ethanol, trimethylsilyl chloride, and combinations thereof. 

7. The method of Claim 1, wherein the function terminator is ethanol. 
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Process for Sidewall Initiated Polymerization 
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